selves often controlled rhythmically (reviewed in [3][4][5]). All of these levels of control appear to be crucial, if not for progression of the clock cycle, then for introducing Summary the proper kinetic parameters, which are critical for a properly timed, circa 24-hr cycle. Background: Different types of regulation are utilized In addition to the described transcriptional and postto produce a robust circadian clock, including regulation translational controls, it is also clear that circadian at the transcriptional, posttranscriptional, and translaclocks rely on posttranscriptional regulatory mechational levels. A screen for rhythmic messages that may nisms. 
domain, nocturnin and Ccr4p belong to a larger family
A substrate for the deadenylase assays was generated from plasmid G52, a construct containing a 100 of magnesium-dependent nucleases. While pairwise comparisons show that the overall sequence conservanucleotide poly(A) tail cloned downstream of a portion of the ␤-globin 3Ј UTR [40] . This construct can be linearized tion is low, members of this family, which include proteins such as DNase I, the DNA-repair apurinic/apyrimidwith a unique restriction enzyme, such that a runoff transcript containing the poly(A) tail can be synthesized inic (AP) endonuclease APE1, and the family of inositol polyphosphate 5-phosphatases (IP5P), share pockets of from the SP6 promoter ( Figure 1A In vertebrates, the only well-characterized deadenylation of the G52 RNA substrate, the addition of cold polydeoxyadenylic acid (poly(dA)) has no affect on poly(A) lase to date is PARN, a poly(A)-specific exoribonuclease first isolated from calf thymus [37] . In Xenopus oocytes, tail removal ( Figure 2A ). If nocturnin is degrading poly(dA), it does so with much lower affinity, such that PARN is responsible for the deadenylation of maternal mRNAs during meiotic maturation [38-40]. PARN is also poly(dA) does not compete with the deadenylation of the G52 substrate. Therefore, it is unlikely that singlethe major deadenylase present in an mRNA decay system derived from HeLa cell extracts [41] . Recent data stranded DNA is a substrate of nocturnin. RNA specificity of nocturnin was investigated by using suggest that the human homolog of Ccr4p (hCCR4) may also be a deadenylase, although its activity is not as additional substrates, all of which were linearized and synthesized to create a radiolabeled transcript. We first robust as yeast Ccr4p in vitro and it does not complement any of the phenotypes of a yeast CCR4 deletion compared nocturnin's ability to degrade transcripts containing either a G(30) tract or an A(30) tract at the 3Ј end. in vivo [30] .
In this paper, we demonstrate that nocturnin is a deadUpon addition of nocturnin, a substrate called ML43(G30), which contains a portion of the vector pBS followed by enylase belonging to the magnesium-dependent family of nucleases. In addition, we show that nocturnin protein a 30 nucleotide poly(G) tract at the 3Ј end otides after the poly(A) tail, resulting in a transcript conthat nocturnin shares a similar magnesium-dependent catalytic mechanism with the APE1 family of nucleases. taining a non-adenylate vector sequence at the 3Ј end ( Figure 1A) . Deadenylation was assessed on this substrate as before by using identical reaction conditions. Localization of Endogenous Nocturnin within the Retina Whereas nocturnin degrades the G52 Aϩ transcript containing only three non-adenylate residues after the poThe temporal expression profile of retinal nocturnin protein was examined by using an affinity-purified antibody ly(A) tail, the G52(A) 100 Figure 1B, compare lanes 6 and 7) . To further test the nocturnin protein would also be rhythmic in abundance. As expected, nocturnin is expressed at low levels during requirement of magnesium binding for nocturnin activity, a point mutation was generated in the putative magthe day, increases throughout the night, and reaches maximum levels in the late night and early morning (Fignesium binding Figure 1D, compare lanes 1 and 2) , indicating same phase as the more prominent lower band, and it The rhythmic abundance of nocturnin protein predicts Discussion that its deadenylase activity would be confined to a time period during the mid-to late night. We investigated In this paper, we demonstrate that recombinant nocturnin is a poly(A)-specific 3Ј exonuclease and is therefore whether nocturnin is the only deadenylase in the retina, or if another poly(A)-specific nuclease acts in combinaa newly characterized deadenylase. As predicted by sequence analysis, nocturnin belongs to the APE1 sution with nocturnin, with perhaps each deadenylating a unique subset of messages. A comparison of the experfamily of nucleases that share a similar catalytic mechanism. We show functionally that nocturnin is a pression profiles of nocturnin and PARN was undertaken in the retina. The localization of PARN within the retina member of this family, as mutation of the putative magnesium binding residue renders it catalytically inactive. was examined by immunohistochemistry on sectioned retinas by using an antibody previously generated (poly (dA)) to the deadenylation reactions had no effect on nocturnin's ability to deadenylate the G52 substrate of the retinal cells (Figure 5 ). There was no consistent 
